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Creatine kinase (CK) isoenzymes CK-MM and CK-MB exist in serum as three MM isoforms (MM 3 , MM 2 , MM 1 ) and two MB isoforms (MB 2 , MB 1 ) . The intracellular forms of M chaincontaining isoenzymes-defined as tissue isoforms-are MM 3 and MB 2 • The relatively low concentrations of the tissue types in normal serum 1 are increased if the release of tissue isoforms occurs from damaged muscle.
Changes in the serum concentration of a tissue isoform may thus provide a rapid confirmation of the clinical diagnosis of myocardial infarction, possibly within 2-3 h of the first clinical symptoms.F-' Serum isoforms are formed by the action of carboxypeptidase on tissue isoforms. To achieve maximum test sensitivity it is essential that any small increase in the tissue isoform is detected and, as the action of carboxypeptidase in serum continues in vitro." a suitable enzyme inhibitor must be used to stabilize the CK isoforms.
It is not clear how quickly isoform conversion occurs in vitro. In previous publications no preservative has been used.>! EGTA at a final concentration of 7· 5-10 mmollL and mercaptoethanol at 5 mmollL has been added to the serum sample," blood has been collected into tubes containing disodium EDTA 5 mmol/L'" and EDTA 5 mmollL has been added to serum which was then stored in liquid nitrogen.!' Correspondence: Mrs J Davies.
MATERIALS AND METHODS

Electrophoresis
The Rapid Electrophoresis (REP) system [Helena Laboratories (UK) Ltd, Gateshead, England] was used for all analyses. 12 To increase sensitivity at low CK concentration, scanning of the gel was performed by densitometry using an unsheathed UV bulb running at high voltage (800Y). CK-MM isoforms were scanned using a sensitivity of 2· 0 with automatic zero and gain. CK-MB isoforms were scanned with a sensitivity of 5 '0, manual gain of 30·0 and a manual zero. The within-batch coefficient of variation of computer scanned gel results for CKMM 3 varied from O·45 to 3·0% and for CKMB 2 varied from 0·7 to 6'6010 dependent on analyte concentration (N = 6 for each time point).
Tissue isoforms preparation Tissue isoforms were extracted from post-mortem human heart tissue obtained within 6 h of death. The tissue was trimmed of fat, cut into small pieces, and passed through a pre-cooled meat grinder before homogenization in a blender containing 2 mL/G tissue of 0·001 M mercaptoethanol in 0'05 M Tris/HCl pH 7· 50 at 4°C. The homogenate was centrifuged at 3000 g for 15 min and the supernatant was filtered through eight layers of cheese cloth. Ninety-five per cent ethanol was added dropwise to the filtrate until the concentration of ethanol was 50%. This mixture was stirred slowly at 4°C for 30 min followed by repeat centrifugation for 30 min. Ninety-five per cent ethanol was added to the supernatant to adjust the concentration to 70% ethanol and this was stirred slowly at 4°C for 30 min followed by further centrifugation for 30 min. The resultant precipitate was redissolved in the homogenizing buffer in a volume equal to 501110 of the volume of the original homogenate. This extract was usedto spike a normal serum pool at 4°C to givea final CK concentration of630 lUlL. After thorough mixing the pool was separated into three fractions. No preservative was added to the first fraction. Disodium EDT A (15 mmol/L final concentration) was added to the second, and EGT A/mercaptoethanol (6' 25/3· 13 mmol/L as recommended by Helena UK) was added to the third. All fractions were mixed thoroughly and stored at 22°C for 2, 24, 48 and 120 h at which time analysis of CK isoforms was made.
Patient studies To determine if EDTA would also stabilize CK-MM 2 , MM] and further fractions in whole blood, a sample was collected from a patient with a proven MI (diagnosed by positive ECG changes and a CK-MB value > 35 ng/mL) and divided into three fractions: one fraction was put into a plain tube, the second fraction into a tube containing disodium EDTA to give a final concentration of 15 mmol/L and the third fraction into a tube containing disodium EDTA to give a final concentration 5 mmol/L (Becton Dickinson, Oxford, UK full blood count 3 mL Vacutainers). At 0, 8, 12,24,36,48 and 72 h an aliquot was taken from both bottles, separated and stored at -2QoC until electrophoresis was performed.
To establish a reference range for CK isoforms, 66 samples were collected from non-cardiology out-patients (36 female, 30 male; age range 19-76 years). The samples were collected into 4 mL SST Vacutainers (Becton Dickinson) containing 200 JLL of 300 mmol/L disodium EDTA (final concentration 15 mmol/L). After separation the plasma was frozen at -20°C prior to batch analysis.
Total CK activity was assayed by an optimized method using commercially supplied reagents (CK NAC Opt Boehringer UK Ltd, Lewes, England) on a Hitachi 717 by the manufacturer's recommended method. Table 1 shows the percentage of CK-MM 3 and CK-MB 2 remaining in the serum tissue isoform preparation, in relation to time, for un preserved samples and those containing EDTA or mercaptoethanol/EGTA as preservatives (normalized to 1001110 for zero time). There was a clear loss of CK-MM 3 in the sample without preservative, even after only 2 h, which was prevented for up to 48 h with either preservative. Since EGTAI mercaptoethanol was not a significantly better inhibitor than 15 mmol/L EDTA and mercaptoethanol has many hazards including combustion risk, toxicity, mutagenicity'? and noxious odour, EDTA was used for all further studies. Figure 1 show the rate of change of isoform fractions in samples collected into tubes containing final concentrations of 15 mmol/L EDTA and 5 mmol/L EDTA. The tissue CK isoform (MM]) in the sample collected in the tube containing 5 mmol/L EDTA fell by 5· 51110 (251110 of original value) in 48 h but the isoform in the tube containing 15 mmol/L fell by only Q.51110 during the same period. Thus, Becton Dickinson 3 mL full blood count tubes could be used in an emergency in order to stabilize tissue isoform, but addition of extra inhibitor is essential to preserve MM 3 activity for longer than 5 h. Also, we found a greater background fluorescence in samples collected in these tubes, making the early rise in MB isoforms harder to detect. Because 15 mmol/L EDTA is effective in maintaining isoform stability in vitro for 48 h all further results were obtained using EDTA at this concentration. Time' h) 
RESULTS
Samples obtained from normal volunteers without a history of myocardial ischaemia had a total CK distribution which was normalized to a Gaussian distribution by log transformation.
The range of results (log mean ± 2 SD) was iu/L. The electrophoretic patterns of the normal controls with respect to MM isoforms formed two groups-those with three classical fractions (MM]. MM 2 and MM I ) and those with an additional fourth band named MMx-The MM. band was detected in 4311lo of all normal samples analysed for CK isoforms dependent on gel batch, and was shown not be a product of oxidation as the addition of mercaptoethanol to blood collection tubes did not prevent the appearance of the fourth band. When samples were repeated on a different batch of gels, the gel area for MM I was the same as the combined areas of MM I and MM. on the original gels. Therefore, if a fourth band were present on electrophoresis. we considered that it should be incorporated with MM 1 • Table 2 shows the means and standard deviations of the MM]. MM 2 and MM 1 fractions. The results were demonstrated to be normally distributed by the Kolgomorov-Smirnov normal distribution goodness of fit test and by the coefficients of skewness and kurtosis.
The ratios MM]/MM 1 did not conform to a Gaussian distribution even after log transformation. The reference range was therefore determined non-parametrically as the Serial CK-MB measurement is considered the 'gold standard' biochemical test for the confirmation of the clinical diagnosis of myocardial infarction. However. adequate sensitivity is not achieved until 12 h after the event. This time delay does not match the requirement for a rapid specific and sensitive measurement of myocardial damage to determine treatment which has become increasingly important with the introduction of effective thrombolytic therapy. Patients selected must begin treatment early in the post infarction period. Selection is currently by clinical and electrocardiographic (ECG) criteria. Over a fifth of patients with suspected infarction, however. present with isolated ST depression or T wave inversion and occasionally the electrocardiogram is normal. 14 These findings are only weakly predictive of infarction and confirmation must await additional tests. One study found that in autopsy-proven acute myocardial infarction there was a detection rate of only 5311lo for correct antemortem diagnosis," and in specific groups such as the elderly the frequency of correct diagnosis may be even lower .!" We were therefore interested in the claim that the alteration in the fractions of CK isoforms would provide an early reliable biochemical marker for myocardial infarction.
To achieve maximum test sensitivity as early as possible it is essential to totally inhibit serum carboxypeptidase and hence stop any in vitro conversion of serum isoforms. This study demonstrates that the in vitro conversion proceeds quickly-a 1411lo drop in MM] and a 3411lo drop in MB 2 tissue form in 2 h-hence it is desirable that the inhibitors should be present in the blood collection tubes. The CK isoforms can be stabilized in whole blood by the addition of EDTA (15 mmol/L final concentration) to the sample bottle. Previous studies have recommended EGTA/mercaptoethanol as preservative? and Helena Laboratories recommend the use of this combination. We have found that the theoretical advantage of including a suphydryl group donor in the anticoagulant to maintain enzymatic activity is not borne out in practice.
Unfortunately the current methodology allows detection of CK-MB isoforms only in 300/0 of normal individuals so that early changes in the ratio of MB 2 to MB) are not recorded in the majority of subjects.
Although CK-MM isoforms lack the cardiac specificity of CK-MB isoforms, the normal CK-MM isoform patterns have been identified and quantified allowing early time course studies following myocardial infarction. Further studies are required to determine the predictive value of monitoring such changes and the influence, if any. of the results on the use of thrombolytic therapy.
